SUMMARY The ultrastructural features of the internal anal sphincter (IAS) muscle were studied in biopsies from five patients with neurogenic anorectal incontinence and six control subjects undergoing anorectal excision for cancer, or for inflammatory bowel disease. In the patients with idiopathic neurogenic anorectal incontinence the internal anal sphincter showed loss of smooth muscle cells, disruption of the normal relationships of the remaining cells, stretching of elastic tissue, and increased collagen fibril content. These ultrastructural changes in the morphology of the internal anal sphincter, although probably not the primary cause of faecal incontinence, have functional relevance in the clinical syndrome, as shown by the reduction in resting anal canal pressure found in some patients with this syndrome.
In most women with idiopathic neurogenic anal incontinence there is denervation and partial compensatory reinnervation of the striated sphincter muscles of the pelvic floor -that is, of the puborectalis and external anal sphincter muscles.`'9 This is the primary abnormality in this disorder. 6 Anorectal manometric studies, however, show that resting tone in the anal sphincter region is reduced in about two thirds of patients with anorectal incontinence.7`As about 80% of resting tone in the anal canal is the result of IAS activity9 "' this observation implies that there is also an abnormality in IAS function in many patients with neurogenic anorectal incontinence." In this report we describe the ultrastructural abnormalities found in the IAS muscle in neurogenic anorectal incontinence and compare them with the ultrastructural features of the normal human IAS muscle.
Methods

PATIENTS
Seven control subjects, consisting of four men and three women aged 31-76 years (mean 52 years), and six women aged 36-82 years (mean 55 years) with idiopathic neurogenic anorectal incontinence were studied." The latter patients all had incontinence to formed stools. None had anorectal prolapse or other anorectal disorder. The control subjects were undergoing excision of the anorectum for low rectal cancer (three patients) or ulcerative colitis (four patients). All the control patients had normal faecal continence; in one continence had been normal before colectomy with defunctioning of the rectum. There was no history of anorectal disease in the control subjects. Biopsies were taken with the informed consent of the patients, and with the agreement of the Combined Ethical Committee of St Mark's and St Bartholomew's Hospitals.
The incontinent patients all showed an increased fibre density (>17) in the external anal sphincter muscle in single fibre EMG recordings,' and two had an increased mean pudendal nerve terminal motor latency (>2.4 ms).'2`'4 In the control subjects these investigations were normal.' '-" The resting anal pressure7'15 was significantly (p<001) lower in the incontinent patients (33 (15) (SD) cm water) than in the controls (69 (17) (SD) cm water). The squeeze anal pressure6 14 was also lower (p<0-01) in the incontinent patients (61 (7) (SD) cm water) than in the controls (159 (31) (SD) cm water). These results, 1692 Ultrastructural changes in internal anal sphincter in neurog were then cut from selected areas of all blocks, stained with uranyl acetate and lead citrate using standard methods, and examined in a Hitachi transmission electron microscope at 75 KV. In this investigation the external anal sphincter was not examined histologically.
Results
The IAS muscle specimens from one of the control subjects was inadvertently placed in buffer rather than fixative and was therefore not examined by electron microscopy. This biopsy, however, appeared normal in light microscopic studies. Four types of cell to cell junction were observed, as in smooth muscle cells in other parts of the gut and in other organs6 '7 -for example, in blood vessels.'T hese consisted of non-specialised appositions, in which the adjacent plasma membranes of two cells ran parallel with each other, about 10 nm apart (Fig.  3) ; intermediate contacts, characterised by electron dense material on the cytoplasmic aspect of adjacent cell membranes, about 50 nm apart (Fig. 3) ; interdigitations, consisting of complex contacts between long, interdigitating cell processes derived from the membranes of the two adjacent cells and often containing intermediate contacts (Fig. 3) ; and nexus or gap junctions consisting of pores interconnecting two adjacent cells through a region of dense specialisation of the two adjacent cell membranes (Fig. 2) . The dense regions in the plasma membranes associated with intermediate cell contacts resembled the dense bodies seen in the cytoplasm. Caveolae were a prominent feature of the plasma membranes of the smooth muscle cells.
Capillaries were recognised between and within the lobules of smooth muscle cells. Fibroblasts were Ultrastrluctuiral changes in intertnal anal sphincter in nieurogenui(joetiil in(nonttetl16((5~~~~r _ Fig. 4 Control subject. A non-myelinated axon closely approaches a smooth muscle cell, but does not make synaptic contact with it. The axon contains electron dense vesicles. Bar I im.
scanty. Nerve fibre bundles were seen in two of the control IAS muscle samples, consisting of clusters of small unmyelinated axons of varying diameter, and a few small myelinated nerve fibres, interspersed with connective tissue and periaxial cells. Isolated single axons were sometimes seen in close relation to muscle cells, but nerve axons were never seen to make synaptic contact with smooth muscle cells, although some contained electron dark or light vesicles in these regions of close nerve/muscle cell apposition (Fig. 4) .
EFFECT OF AGE
The IAS samples taken from the two oldest control subjects (Fig. 1) showed a less compacted arrangement of muscle fibres, with increased amounts of collagen in the interstices between the smooth muscle cells and with some dark, small cells resembling those seen in the IAS muscle biopsies from the incontinent patients. This separation of muscle cells with increasing age was associated with fewer zones of cell contact, and with some stretching of elastic tissue strands.
INCONTINEN I PATIENIS
The IAS muscle biopsies from the patients with neurogenic faecal incontinence showed striking differences from the control material. The normal lobular architecture of the muscle was absent ( 5). In addition, there was a marked reduction in the number of smooth muscle cells, with abnormally marked separation of the remaining cells. The latter appeared small, attenuated, irregular and clectron dense, or pale and vesicular (Fig. 6) . The variance in electron density of the muscle cells was greater in the IAS muscle biopsies from the incontinent patients than from the control subjects. There were relatively few zones of cell contact, reflecting the increased separation of individual muscle cells and elastic tissue bands, when present, were stretched across the intervening spaces between the remaining fibres (Fig.  5 ). There was a marked increase in number of collagen fibres, filling the intercellular space, and fibrocytes were frequent in these zones (Fig. 6) . Some tortuous empty wraiths of basal lamina were recognised in the interstitial spaces, suggesting loss of smooth muscle cells (Fig. 6 ).
There were no inflammatory cells. 13lood vessels were relatively sparse, and nerve fibres were seeCI in only one of the biopsies fromn the incontinent patients. In addition to smooth muscle cells, one biopsy contained striated muscle fibres, derived from the neighbouring external anal sphincter muscle. These striated muscle fibres showed marked vairiability in fibre size, with abnormailities in the arrangement of myofilaments in the cross-sectional area of the fibres. ' 
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Discussion
Smooth muscle cells are thought to be of similar histological type in all parts of the intestine, although varying in their longitudinal, spiral, or circular arrangement in relation to the specialised sphincter zones.'6`In this study the histological features of smooth muscle cells in the IAS biopsies from the control subjects resembled those of smooth muscle from other parts of the gut.'9 Nerve fibres were seen in the IAS muscle biopsies in two of the control subjects and in one of the incontinent patients, but these nerve fibres did not make direct synaptic contact with smooth muscle cells. '9 In parts of the nerve fibres studied in close relation to muscle cells, however, there were vesicles of electron dense or light type.
In the IAS biopsies from the patients with faecal incontinence smooth muscle cells were separated by dense collagen fibrils, and there were redundant rings of basal lamina suggesting loss of muscle cells. Many of the remaining smooth muscle cells appeared atrophic, angulated and more electron dense than normal, and in some biopsies there was striking stretching of the elastic tissue strands that normally connect adjacent muscle cells. There were no features suggestive of inflammation, or of penetrating injury to the IAS muscles. The samples from the two oldest control subjects showed less marked abnormalities that in some respects resembled those seen in the incontinent patients.
The clinical investigations carried out in these patients before IAS muscle biopsy showed abnormalities consistent with damage to the pudendal innervation of the external anal sphincter muscle, as has been shown in previous studies of this problem.6712-14 In addition, the mean resting pressure in the anal canal was moderately reduced compared with the control subjects and to the normal values established in our laboratory.6 '5 This observation is consistent with weakness of the IAS muscle because about 80% of resting tone in the anal canal is provided by the tonic action of this muscle, rather than from resting contraction of the voluntary external anal sphincter muscle." The squeeze pressure in this region, on the other hand, is a function of contraction of the external anal sphincter " '`and this, also, was reduced.
The The relative roles of dysfunction in the internal and external anal sphincter muscles in faecal incontinence are controversial. Clearly, there must be synergy between the actions of the non-striated, involuntary muscles and striated, voluntary muscles in the maintenance of normal continence and during defaecation. Current views indicate that the external anal sphincter and puborectalis muscles are the major muscular components in the maintenance of continence, and that defecation can only occur when these muscles relax. The anal canal is thus opened by sphincteric relaxation and by straightening of the anorectal angle, unlocking the valvular mechanism at the anorectal junction.62' It is our view that several factors contribute to normal faecal continence,22-24 including the internal and external anal sphincters, the puborectalis muscle, the motility of the colon and anorectum, and faecal consistency. In addition, sensory feedback from the anal sensory receptors25 is important in determining the level of activity of the striated components of the anal sphincter mechanism. 16 The inter-relationships of these factors in faecal continence and incontinence, however, remain uncertain. im.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4 
